A seven-test schema is presented that will identify Herellea vaginicola 
the classification of these and similar organisms. However, recent nutritional and physiological studies by Baumann, Doudoroff, and Stanier (2, 3) , transformation studies by B6vre (4-7) and Bbvre and Henriksen (8, 9) , and sophisticated computer analyses by Pinter and Bende (31) and by Thornley (35) offer orderly but complex approaches to the solution of the problem.
Members of the tribe Mimeae offer an interesting challenge to the diagnostic microbiologist because of their possible role as pathogens. They are frequently associated with diseases whose etiology is not clear; however, their implication in more serious infections is also cited (16, 27, 32) . Herellea vaginicola is the organism most frequently isolated from clinical specimens (Bacterial Reference Unit, personal communication; 27) and has become known as an opportunistic pathogen (27) . Based upon extensive testing of H. vaginicola and Mima polymorpha strains, we have devised a seven-test schema which will identify Herellea and differentiate it from Mima and similar organisms such as Moraxella. The seven tests are easy to perform and employ conventional media. The tests are: (i) Triple Sugar Iron Agar (TSIA) reactions, (ii) motility, (iii) oxidase, (iv) nitrate reduction, (v) acid from 1% glucose, (vi) acid from 10% lactose, and (vii) growth on nutrient agar slants in 24 hr.
The identification of Herellea is emphasized because of its frequent isolation from clinical specimens. DeBord's nomenclature is used because it occurs more often than any other in American literature.
MATERIALS AND METHODS
Cultures. All strains examined are listed in Table  1 . In study 1, base line reactions were established by using 34 serotype strains of H. vaginicola, 19 of M. polymorpha, and 2 of M. polymorpha var. oxidans. The 55 cultures came from the Bacterial Reference Unit (BRU), National Communicable Disease Center (NCDC), and from Grady Memorial Hospital, Atlanta, Ga. Their serological relationships were described in a previous paper (27) . The 53 cultures of study 2 are a part of the American Type Culture Collection (ATCC) strains selected for study by the Subcommittee on Moraxella and Allied Bacteria (26) . (The Subcommittee was appointed by the Judicial Commission on Nomenclature of Bacteria at the International Congress of Microbiology, Moscow, 1966 .) They represent a variety of genera and species with characteristics similar to those of strains in study 1 . Study 3 includes two groups of gram-negative organisms which often are mistaken for Herellea. One group is composed of genera frequently encountered in a clinical laboratory: Neisseria species, 1015 Red Agar Base (PRAB), which contains phenol red and 1.5% agar, making it the only solid medium used. In Table 2 , the components of these media are compared with those of the Hugh and Leifson medium. Solutions of glucose, lactose, xylose, and arabinose were filter-sterilized and added aseptically to 5 ml of the sterile bases to give a final concentration of 1.0%. The 10% lactose was sterilized in the OF and PRAB media at 115 C for 10 min. The final pH of PRAB slants with 10% lactose dropped from 7.0 to 6.5, but comparison testing in pH adjusted and unadjusted media showed that pH 6.5 did not interfere with the development of color due to acid. Therefore, no pH adjustment was routinely made in the solid medium (PRAB). Uninoculated tubes of media were included as controls with every test. The inoculum was taken with a straight wire and streaked on the surface of the slant. All tests were incubated at 37 C and observed daily for 7 days. The ability to ferment carbohydrates was investigated in tubes of OF Medium sealed with a 0.25-inch (0.6 cm) layer of sterile petrolatum.
(vi) To test for growth on nutrient agar, Difco Nutrient Agar (Beef Extract-Peptone) was used as an unenriched medium for the differentiation of Herellea from more fastidious organisms. Heart infusion-agar with 5% defibrinated rabbit blood sustained the growth of those organisms not able to grow on nutrient agar. All slants were incubated at 37 C and examined daily for 7 days.
(vii) Sellers medium (34) was prepared and used according to the directions of the manufacturer (Difco). Two drops of 50% glucose were carefully added to each slant just before inoculation. Cottonplugged tubes insured sufficient aeration. After incubation at 37 C, tests were read at 24 hr and again at 48 hr. Slants of 1.0% glucose in PRAB, inoculated at the same time, offered a comparison of growth and glucose oxidation in the two solid bases.
RESULTS AND DISCUSSION Development of the seven-test schema (study 1). Based upon reactions of the organisms in study 1 (Table 1) , a schema requiring only seven tests to identify H. vaginicola was developed. The reactions of the Mimeae in four basal media for the detection of acid from carbohydrates are listed in Table 3 . Results of the individual tests are summarized in Tables 3 and 4. (i) TSIA medium. TSIA is commonly used in diagnostic laboratories for the identification of enteric organisms. Herellea and Mima are gramnegative organisms giving alkaline slant/neutral butt (Alk/N) or neutral slant/neutral butt (N/N) reactions. In study 1, the 34 Herellea were either Alk/N or N/N, whereas most of the 21 Mima were Alk/N (Table 4 ). The TSIA, as one of the seven tests, eliminates all acid-producing enteric bacteria and narrows the strains to those most likely to be Herellea.
(ii) Edwards Acid production from (v) 1% glucose and (vi) 10% lactose. The demonstration of clear-cut acid production from carbohydrates by an oxidative organism presents a problem because the small amount of acid produced is readily neutralized by alkaline products. The patterns of acid production of Herellea and Mima strains from three carbohydrates in four basal media are presented in Table 3 .
Fermentation broth base was used to screen Herellea and Mima cultures for visible acid production from 1 % glucose, xylose, maltose, lactose, and arabinose. In xylose, acid production was either rapid or was delayed beyond 24 hr. Maltose and lactose were not oxidized with visible acid production by any strains. Some Herellea strains produced acid from arabinose but, on the whole, acid production from this sugar was not a constant trait. No Mima strains produced visible acid from any substrates. Of 31 Herellea strains tested in fermentation broth base, 24 produced acid in 24 hr from 1% xylose and 1 % glucose, whereas all failed to produce acid in 1% lactose (Table 3) . No acid was produced from the three substrates by four strains of M. polymorpha.
All Herellea strains produced acid from 1% glucose and 1% xylose in both the OF (Difco) and SB-15 (BRU) semisolid media in 24 hr. However, the same strains showed varying abilities to attack both 1% and 10% lactose in these two bases. No reversions occurred in either base with any of the three carbohydrates. In the petrolatum-sealed tubes of OF Medium, all Herellea strains grew slightly along the stabline but no acid production was observed. The four strains of M. polymorpha, including two M. polymorpha var. oxidans, grew well along the stabline but did not produce acid. In fact, Mima strains usually gave alkaline reactions in all three substrates, except when the cultures were sealed with petrolatum, which resulted in neutral reactions.
The variability of reactions among strains of Herellea was accentuated with 10% lactose as the substrate in both OF and SB-15. In SB-15 medium, 9 strains exhibited acid in 24 hr, but 22 strains gave a delayed reaction; in OF Medium, 12 strains produced acid in 24 (vii) Growth on nutrient agar slants. The Herellea and Mima strains of study 1 produced a mucoid, smooth, off-white growth typical of these strains. This unenriched medium served to separate the eugonic Mimeae from more fastidious or slower growing organisms.
The results of study 1 established the reproducibility of the reactions of Herellea and Mima in the seven-test schema ( Table 4 ). The Herellea were nonmotile, nitrate-and oxidase-negative, and produced visible acid in 24 hr from both 1% glucose and 10% lactose in a solid-base medium.
Herellea also grew well on nutrient agar in 24 hr and were Alk/N or N/N on TSIA. The Mima characteristically failed to produce visible acid from any of the carbohydrates tested, regardless of the base used; they were also nonmotile, nitrate-negative, and oxidase-negative, with two ex-ceptions. Mima strains also grew well on nutrient agar in 24 hr and were Alk/N or N/N on TSIA.
Efficacy of the seven-test schema for Herellea identification (study 2). The efficacy of the seven tests for separating Herellea from other organisms was assessed by using a special study group of 53 ATCC cultures designated by 11 generic taxons (Table 1) . These cultures were studied simultaneously by us and by the BRU, which employed an extensive battery of physiological and morphological tests. After completion of all tests, the results reached independently in each laboratory were compared (BRU, personal communication). The strains could be separated into three genera: Herellea, Mima, and Moraxella (study 2, Table  4 ). The two laboratories agreed on the specific identification of the H. vaginicola strains and on the classification of the remainder of the cultures as either M. polymorpha or Moraxella species. The latter two generally could be distinguished by our schema. (A complete compilation of results for individual ATCC strains can be obtained from the authors upon request.) Moraxella strains were all oxidase-positive and, with one exception, produced no growth on nutrient agar. Only M. polymorpha var. oxidans posed any problem, but the nitrate-reducing ability of Moraxella distinguished it from oxidase-producing Mima. All 53 strains were nonmotile.
In Table 4 , the 15 H. vaginicola cultures identified by our schema gave reactions typical of those given by Herellea strains in study 1, with one exception. On TSIA, one strain produced a slight acid slant/neutral butt (acid/N) reaction, whereas 14 gave the expected Alk/N or N/N reactions. Repeated tests produced the same reaction, and the acidity did not increase with incubation. In 24 hr, all Herellea strains grew luxuriantly on nutrient agar slants and they produced acid from 1% glucose and 10% lactose in PRAB within the same length of time. The Herellea strains were negative for oxidase and for nitrate reduction, and were separated from the 38 other cultures by their ability to produce acid in carbohydrate media.
The 38 cultures that did not produce acid from carbohydrates were divided into two groups on the basis of oxidase reaction; 21 were oxidasepositive and 17 were oxidase-negative. The 17 oxidase-negative strains also did not reduce nitrate but grew well on nutrient agar slants in 24 hr. One strain gave an atypical reaction on TSIA (slA/slA, footnote a, Table 3 ). These 17 were identified by both laboratories as M. polymorpha. Of the remaining 21 oxidase-positive strains, 10 reduced nitrate, and 9 of the 10 failed to grow on nutrient agar. Nitrate reduction alone would set them apart from most Mima. Nine of the 11 oxidasepositive strains which did not reduce nitrate were separated from the Mima group by failure to grow on nutrient agar. These 19 strains were classified as Moraxella (Table 4) . We placed the two remaining oxidase-producing, nitrate-negative strains with the 17 Mima cultures because they readily grew on nutrient agar in 24 hr (Table  4) . They were later identified by the BRU as M. polymorpha var. oxidans. The Reactions of strains sometimes confused with Herellea (study 3). Strains of other genera whose biochemical reactions are similar to those of Herellea were screened in the seven-test schema to determine whether they could be easily differentiated from Herellea and Mima. The 25 strains were divided into two groups: 12 strains of 3 genera frequently encountered in a clinical laboratory and 13 strains rarely encountered. The pertinent characteristics of these strains are listed in Table 1 and their reactions are summarized in Table 4 . Genera frequently encountered are Pseudomonas, Neisseria, and Alcaligenes. The eight Neisseria (six species) were nonmotile, oxidase-positive, and nitrate-negative. The TSIA reactions were N/N except for N. gonorrhoeae, N. meningitidis, and N. lactamicus sp. n. (19) , all of which failed to grow. The same three strains plus two strains of N. perflava also failed to grow on nutrient agar in 24 hr. Acid was produced from 1% glucose and 10% lactose by only one strain, N. lactamicus. Three other Neisseria, N. meningitidis, N. flava, and N. subflava, produced acid only from 1% glucose. Besides the oxidase test, seven strains of Neisseria were easily separable from Herellea by their failure to produce acid from 10% lactose. N. lactamicus, producing acid from both carbohydrates, was still eliminated from the Herellea group by nongrowth on nutrient agar. It appears that the oxidase test alone VOL. 18, 1969 would differentiate this group from the Herellea and the majority of Mima. Nevertheless, the Neisseria are among the genera most commonly confused with the Mimeae.
The Pseudomonas and Alcaligenes strains were Alk/N on TSIA, grew well on nutrient agar in 24 hr, and failed to produce acid from 10% lactose (Table 4) . Motility, oxidase reaction, nitrate reduction, and acid production from 1 % glucose were variable. Positive oxidase reactions are unreliable for differentiating these two genera because of the rapid fading (within a few seconds) of the initial coloration from purple to black. An achromogenic strain of P. aeruginosa produced acid from 1% glucose and reduced nitrate. Both P. aeruginosa and P. alcaligenes, an aglucolytic strain, were motile. The two strains of A. faecalis were nonmotile (though one possessed demonstrable flagella), nitrate-negative, and did not produce acid from 1 % glucose. Failure to produce acid from both carbohydrates separated the four strains from Herellea. A positive oxidase test separated them from most Mima, and rapid reversion of the test excluded even the oxidaseproducing Mima. To define more sharply the limitations of our schema, BRU personnel selected, from among their stock cultures, 13 strains which were most similar physiologically to Herellea. With the exception of K. ozaenae, the true taxonomic position of these strains has not yet been determined. The group as a whole was oxidase-negative and nonmotile (Table 4) . Acid production in TSIA immediately eliminated the Enterobacter and the atypical enteric strain. Their reactions in the other six tests were identical to those of Herellea. The two K. ozaenae strains could not be differentiated from Herellea in any test, and were therefore identified as Herellea by our schema.
The EO-i group (24) showed variable results in nitrate reduction, carbohydrate oxidation, and growth on nutrient agar. Seven of nine EO-i strains were differentiated from Herellea on the basis of one or more of the seven tests; five of these could be eliminated by the failure to produce acid from 1 % glucose alone. Two of the nine EO-I strains were indistinguishable from Herel1ea. The BRU has been collecting these cultures for a period of about 20 years. To date, it has a collection of 170 strains of EO-1, indicating the infrequency with which these organisms are encountered. Under such conditions, the chances of frequently identifying an EO-1 as a Herellea are slight. A total of four false positives (4.7%) occurred among the 84 non-Herellea, and it is significant that the four were among the 13 cultures infrequently encountered in the clinical laboratory. Our data indicate that the seven tests are quite reliable for identification of H. vaginicola and that they reduce the number of false positives to a minimum. More detailed studies may indicate that cultures such as those of the EO-1 group are related to Herellea on the species or subspecies level.
Evaluation of Sellers medium. In 1964, Sellers (34) described an enriched medium for the differentiation of nonfermenting gram-negative bacilli giving an alkaline reaction on TSIA. The organisms specifically identified and their reactions are described by Sellers as follows: P. aeruginosa, acid slant/alkaline butt accompanied by gas and fluorescein pigment; H. vaginicola, alkaline slant/unchanged butt with yellow band at the junction signifying glucose oxidation; M. polymorpha, alkaline slant/unchanged butt without the yellow band; A. faecalis, alkaline slant/ alkaline butt with gas.
By using strains from studies 1, 2, and 3, we compared Sellers medium with 1% glucose in PRAB. Though Sellers claimed only the differentiation of the four genera mentioned, we included 8 Neisseria (study 3) and 19 Moraxella (study 2). Strains giving reactions typical of the four genera are listed in Table 5 . Herellea gave consistent results on Sellers medium; each strain produced a yellow band. Strains of M. polymorpha also gave reactions expected for this genus. Other strains could not be identified because of their failure to give reactions typical of their genus; these were strains of M. polymorpha var. oxidans, P. aeruginosa, and A. faecalis. Also two of the eight Neisseria strains gave false positive reactions: one for H. vaginicola and one for M. polymorpha. The other Neisseria failed to grow. All strains grew on 1 % glucose in PRAB except for one strain of Moraxella; five Neisseria cultures produced acid. The Moraxella strains appeared quite sensitive to Sellers medium; 8 grew poorly (growth barely visible) with no color change in the slant or butt and 11 failed to grow at all. It is interesting that, on other complex media, many Moraxella are proteolytic and are capable of reducing nitrates.
Except for one strain, growth on PRAB was good and a few produced alkaline slants.
Both false positive and false negative reactions occurred on Sellers medium when results were compared with those obtained by our seven-test schema. Godes (14) concluded that Sellers medium was not helpful in the differentiation of nonfermenting, gram-negative bacteria, because many reactions were inconsistent and the same reactions were produced by more than one organism. Gilardi (12, 13) used Sellers medium, as well as OF Medium and broth bases, to demon- strate the production of acid from glucose by Achromobacter anitratus (Herellea). It is obvious from our data that a complex medium such as Sellers is not necessary for the demonstration of visible acid from glucose. Also, relying on one enriched medium to identify species in several genera, each of which is capable of extensive biochemical activity, can lead to erroneous conclusions as indicated by the results (Table 5) . We recommend the use of the seven tests described in this paper for the routine identification of H. vaginicola. It is imperative that the media prescribed for each test be used if comparable results are to be obtained. Even small changes in medium composition may produce differences in results (Table 3 ). Attention to these differences would improve laboratory results in the identification of clinical isolates.
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